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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a soft 
judgment system which can realize soft judgment in 
multivalue modulation and which can sufficiently 
show the correction capability of the maximum 
likelihood code. 

SOLUTION: When reception symbols exist in areas G, 
H, I, L, M, N. Q, R and S, either two bits are judged to 
be certain, and soft judgement values are judged to 
be zero or seven. On the remaining two bits, soft 
judgment values are judged to be 0-7 by soft 
judgement in the direction of an I-axis or a Q-axis. 
When the reception symbols exist in areas A, E, U 
and Y, four bits are judged to be certain, and the soft 
judgment values of them are judged to be zero or 
seven. When the reception symbols exist in areas B, 
C, D, F, J, K, O, P. T, V, W and X, either three bits are 
judged to be certain, and the soft judgement values 
of them are judged to be zero or seven. On the 
remaining one bit, the soft judgment value is judged 
to be 0-7 by soft judgment in the direction of the I-axis or the Q-axis. 
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iy>^)]^(DmmLf^^ imi^±(Diy>^s)i\zmv. m— 
^^fro^L^^mt't^m^mi^znmo^^n^yf 

P SK^^tS^mP SKX^^h^. mmzj;:D^^^ 

mzjzD^^^n^iEL^^i^>^)i(Dmmt:fs:^ im^ 
±(Diy>7f.)V{zm\^. mmzxDm^^ti^i^L^:^\^(D 

mi^tir^^mmm\z:h^^x. m^mi^^^m>i^m4\z 
mm.<DW:m^:^^<D^'^i.^':stif)^<DW<m^yj^iz^^^ 

m^:^^\z<i:^mmmm^H^tfr^^m^^^^^ 

mmy"^ >^-'J-'f^^<^liiti^Xt}hl.. FEC 
(Forward Error Correction) ^^^n^'^l^t^'T^F E 



(2) it#r?^¥ 1 0- 1 3 6 0 4 6 
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-)5'&\z^^m^\^m^mti-r^m^m^^t. 

m^m.n'^m^<D\i^ti^Xti^\^. FEC (Forward Er 
ror Correction) U^^n^^lhti-t^PECm^^^L 

<D^m^yj^\z^^^mmA^t^tir^w:m^\B\mL. 

m^^y\-y^^>^-'J-:/^^(^li^ti^Xf)tl.. F 
EC (Forward Er rorCorrect ion) M^^'fr^^lhtl't^ 

[0 0 0 1] 

^n^yj^Rif^m^m^zm-r^o 

[0 0 0 2] 

^(r>^x. mL■XM^^\^\:.^^m'yy'^-)^^^^¥\'&^^ 

C:<htCJ:04#'l4C0rS]±t"^F E C (Forward Error Corr 

30 ection) ^nri^-So 

[0 0 0 3] CcD^^CO--e?iJ<i:UT, fcfc^ il^^^^ft; 
(11) LT, '7yt:'>^:S:t;^^P (12) €:ffl^v 

mm^t,^^. ^fiMTti, ^ 1 4(c^-rci:^tc, 

M^^^I^:®:<:X^^^>t'>^ (13) LT, $^t::FE 
(1 4) <hUTtf:$' (14 1) ^fTl^V m 

[0 0 0 4] CCr% ^l^::^iC<hLTQP SK^ffll.^^ 

t)0 ^L.l.^<h^m)c¥iJ^fiiO \±vVti^mL^\^\^ 
[0 0 0 5] 

^Wi^n^-}5H\z^^mzn\^. ^mm^<nmm.')5^ 
50 ^\z^f)^L^nfs,^^t\^^'!>mm.^.^^^^o 
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[0 0 0 6] *^0jn. ±tB(^(^^.^.^^*t, ^mm 

[0 0 0 7] 

(1) ^mm,m. ^mmmm^^ts^mmm\z^^B.m 
')j^\zm^^^n. mmz^K>^'^^n^^\.^^i^>^-)V 
(Dm^Lt^^im\>kAi(Diy>^s)v\zm\^. m—tLU^\£ 

[0 0 0 8] (2) (1) C7D^31tC^^«:WS:^^tC:fe 

;^ci:^2 1 ^fctiO tf >y htcri^t/^xm^^l^^ff 

[0 0 0 9] (3) ( 1) (7)ffl31tlJ:^|*:^J^:^^tC4o 
l^T, mflB^fi^ilTtf^^ftDAP SK, ^MAPSK^ 

'5>f4t§:^fS](7) 1 t'-y c;Dtf-2fcf'y hcDF^a)2^fctil 
[0010] (4) (D%M\Z^^^n'^'}5^\Z^ 

[0 0 11] ^;^c, i^mn\z^^^^{%^m\'ms~v<^^o 
(5) ^ffl^i^$tifc^^^{bm^^s(tbTm^m:^-r 

^^m^®(C*5l^T, (1) - (4) \Z%mi.<D^^\'^-}5 
iCcD ^ -t, I ^ ^n;0^ c^l*:^J^:^^ tc J: ^ SfcWSffi ^ t±i :^ T 

[0 0 12] (6) ^m.'^m^ntz.^mm^^K-n t. 

A;^i:b, ti^^J^l 75^e»si^^4 fe®a)i>;^J^:^^(7) ^ 
^ ■:?n75^ cD©:fij^:^i: tc ^ ^ m ;^ -r ^ D^:^j 

T^V>^-U-:/lHl2Scom;^^A>^i:U, FEC (Forw 
ard Error Correction) ^^^ff ^^^m:t;-r^ F E 



(3) 4#^¥ 1 0 - 1 3 6 0 4 6 

[0 0 13] (7) ^m^m^nt:L^m%^^x-nt. 

(1) - (4) \z%zm.<J:>m¥i'^-)5l^<r>o%^^':5r^ 
oifcfij^;^ ^tc ct ^ #;¥iJ^fi ^ tB ;^ r ^ ®:^j^lHlg§ 
i:, H^IB»:4yj^[Hlg§(;)m;^<^A::b<hU, FEC^^^ff 
i^m^^T^ F E C«^(Hl?^i: ^^{iT^o. 
70 [0 0 14] (8) ^^m^^fXtLmmt^-^K-h ti 

>^-^J-:f^^(Dlhtf^XtlLl^. (1) - (4) 

20 >5'-'J-:/lHlggcoai;^J^A;^j^b, FECm^^fTt/^ 
[0 0 15] -tf^^-^. (1) - (4) cD|^¥iJ^:;^^T' 

^m^m. 0rmm^m^^t^^m^m\z^^^x. m 

U^^y b\Z-D\.^X\tm^^^\^^^^m^V. 

\-\z'oi^^x\^w:m^^no ch^^mt-r^. z.tiiz<]z 
(5) - (8) a)^oti^m^\B\m^m^^rz^mm 

BER (Bit Error Rate) C/'N^tt^^lJ 2 d B rfil± 
[0 0 16] 

mm<D^m(^mm] i^r. ^i7!;^^i 2^#p.lt 
^mm(DMm(7)mmiz'^^^xmm\zmmT^. 
mi<Dmmmm) mirj^m4^mmi.x. micDm 

^T-fD-^^ij^^L, m2 7b^m4}ft^ti^nmi\z^'rm 

40 [0 0 17] ^ltC*5l/^T, Smv>7t^;P?5^;^.aCO{ig 
tc^-Si:^, -^CT)^^ I 0)4:^(7) v>7|^;i/Ttl. ±{4 2 
tf'^hyS. y 2f)^^mU<r)X. ^fcf^yhyS, y2^ 
Mt)0 ^LV^ii^l^J^-r^c -r^cC^-^, y3, y2fCt:H/^ 
Ttig^W^ffi= 0 i:^j^-r^. T\<L2\^y Vy \. y 0 
tc-::3i^Tts, 1^2 tc^TJ^^tc, I ^::^[^c7)®:^j^tc J: 
0 y 1 co|*;^l^M= 2 , Qlft*f^a<D©:^J^tc J: 0 y 0 (D 

[0 0 18] ^mi^>^-)Vf)^M.h(D{±m\zh^L^. t 

<DmMLR<r>A^(Dyy^^}VX\^. y2, y 1(7)2^^7 h 
50 m^mU(DX. Vv 2, y 1 ^^t> 1 bb^/^t^yj 
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^r^o -rut)^. y2, y i\z-D^^x\t^m^m=7 
= 3, Qmyj\^<DW<m^\z^K^yo<D^m&m^sLm 

[0 0 19] ^.a, .-^.btf^filtC, ^mi^>^)i^m^ 

G, H, I. L, M, N. Q, R. S<D^\Z^^L^ 

[0 0 2 0] ^mzyy^)i^^^mmE<D^\z^^L^\^. 
= oi:fij^-r^c mm\z^m>^y^^)\^^mmA, e, 

[0 0 2 1 ) Sm>^>/J^;U;5^^.c C7){5®tC^'5t^, ^ 
c^M^KC0 2^c^>'>4^;UT'tl, y3. yl, y 0 CO 
y h^^^mU<DX\ ^tl^tlCO]dy hy 3 , yl. yO 

t.^TtiDc¥*J^fa= 7 , y 1 tC'3liTtS|k;^J^<l=0, y 
0tcov>Tfri®:^J^{g=7 i^j^f^o y2t;::::>i^T 

fii=3<h^J^-r^o 
[0 0 2 2] .^.c (hf^^tC, ^mzy>'^)Uf)mm.B, 
C, D, J, K, O, T, V. W, X<D^\Z^ 

iz-Di^^xiit. I mx\-i.Qm:^\^cDW:m^\zxD^m^m 

0-7 ii^J^T'So 

[0 0 2 3] i^, ^mmmmcD^vizsm 
xuKxh. i\^(Dm\z^^mm<Dm^yjmt}^mmx^ 
^« ^fc. $^mmfs.^m^:^f^^mm'^mx'^^o s 

L/c^^ * 0 0 0 ' - ^ 1 1 1 * coi;atCA*-r:^U^^ 

[0 0 2 4] m2(Dmmmm) mB^mmi.x. m2 
—m^mi^. m6\:i.ms\z^rmmH3(Dm.±m^nk 

[0 0 2 5] lS5tC*5l>T, ^m>^>^)\^f}^j^.d<DisLm 
\Z$>^L^. ^(DmmHS(D4M(Di^>:^)]^X\t. 116 

\z^'rj;:o\z±{tL4\£yhf}^^mr<^o)x\ ^ti^nmf)^ 

7 ^m^-r^o y 5\ZZ)\.^X\-X^m^mO. y4\Z'Z>i^^ 
Xkt^m^mO. y 3lC^l^THfe*iJ^fi7, y2\Z-D 



(4) 1 0 - 1 3 6 0 4 6 

6 

- 1 ^n^-r^c 

[0 0 2 6] ^.d ^I^<itC. vV^^Ut^^S^F 1 - 
F7, 0 1^-07, HI— H7, 11 — 17, J 1 — J 
7. Kl— K7, L 1-L 7C04'tC^'SKh^, 
4^C0 5>>7j?;UT(i, 4fc:^;/ h tC*:? t^Ttl-etl^'nSlTii^ 

^j^iii 0-7 tm^-r^o 

10 [0 0 2 7] ^ftv>;i^;i/?5t^^A 1 -A4C04'(C^^ 

Li^^wfeb, ^n^'ni^^j^{soxtt7 <h¥<j^-r^o 

^mv'>:1^;U75^M^B 1-B 7, C1-C7, D 1 -D 
7, E l-E7cr)4'fC^^<l:^, ^mML(D 4^(Diy>if^ 
)VX\t. 5 t'-y hlc:3l^Tti^n-E^n?i:«i^^Ul^(h^J^ 
l^¥'J^fiiOXH7 ^4^J^-r^o ^Oco 1 tf 7 ht::'::> 
i^Tti, I ttXtiQ$ft:^f^tc©:¥i|^b, l^¥i|^{iio-7 

[0 0 2 8] 1^, *^M?^^tc*5i^Tt>, m^\mm%B 

^Tz.. ^^Wimmm'^-:^^hmm-^mx^^. ^ 

;^c. ^ll2te?^^.T*t>, l*:fiJ^{it^0-7T^]^ 
U;t7&^ ' 0 0 0 ' — ' 1 1 1 ' cDJ:'9t3A*'i' :^'J^^ 
Tt>J:V^o ^fc, -4-4(7)J:^lC9flil>;¥ij^chbTfe 

[0 0 2 9] {m3(Dmmw^m) m7^^mi.x. m3 
(Dm:mmmti'r^ s p s K^mo^m^i^'is^^um't 

>5o CdT, 117 ti8 P SKlCJc^^^T^U— HV^y e 

30 [0 0 3 0] ll7tC*$(.^T. ^myy^)Vf)^M.e<D{tLm 
\Z^^t:^. ^(Dm.^Ap^(D2yyi^)VX\:^. ±fi 2 

ut>%. ^n^'ni^^j^fiio iiM^T^o Tfei t'^y h 
m7\z^T^o\z. {4ffitCctoi^¥ij^M5 ch^j^-r 

[0 0 3 1 ] mm\z. A-H(;)u-rnoDm^tc*5i^T 

40 [0 0 3 2] i^, '^mmmm\z^^^x^. wm'^m\^B 
\mzm^-r. ^(Dm\z^^mm(i^m^-:^mf)mmx^ 

tz. if^mmmmx^. M:i:±, »:^J^fi^o-7'r^^ 
L:rc;&^, ' 0 0 0 ' - ^ 1 1 1 ' cDcl:'5tc;N*-r:^U^^ 
-efeit^^o ^/c, -4-4c;)J:^(C9fii©:#iJ^^:LTt> 

[0 0 3 3] (m4(7)^SgJ^^) I18^#MLT, ^4 

<D%mmmii-t^ i 6 a p s ¥.^m<Dm^\^-j5^^mm 

•r^o CCT, m^\^. 16APSKa:#fctC, 
50 -r-S 1 6 DAP SKC7)JS^CDi7'U-n- Kv^y t'>>/CD 
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(D'n^^m^iznoo -rf^t)t>. y2, yi, yomtL 
[0 0 3 4] iM8tc*5v^T, ^mi^y^Ji-^w.f (Di^im 

^fz. i^L^yj\^o)^m&\z^Kiy 2a)^m^m=4. m 
0 y 3 cow<m^m= 2 tm^^^o 

[0 0 3 5] ^ff 5>>:J^Jl/75^.^.gCD^^, mnH(D4i^ 

m^-r^o Tut:^t>. yK y 0 ^ti^no^^n^mo 
^nmr^. ii^y5\^(D^m^\z^ o y 2 <DW:n^m= 
3 , mm:fj\^<DW:'¥mzj^ Dys (Dmm&m^ 7 tm^ 

[0 0 3 6 ] ^ff v>5j^Jl/;&?.^.hC0^#, mi$.H<D4>^ 

w^-r-Sc -r/^^b-^, yi, y o^ti^'nc7)i^^j^{iio 
Lm^-r^o iimyj\^(Dmm^\z^ d y 2 (D^m&m=- 

1 , ig'ti:^fS]CD|^*iJ^tC J: 0 y 3 (D^-n^m^ 0 ^H^J^ 

[0 0 3 7] f^, :^mmmmjz^^^xh. mmmimts 
m^zm^-f. mo:>imz^^mm(Dm^yjm^^mpL^o ^ 

mt'tz^^. * 0 0 0 ' — * 1 1 1 ' CDi^tCAW^'J^ 

[0 0 3 8] ims(Dmmmm) msRzfm9^mm{. 

T, m5CD^5£?^^<h-r^ 1 6DAP SK^I^O)!*;^]^ 

hm^yjm<Dm^^^n^^znoo -r^t)-^. y2, y 

1, y om^^:lj\^<^^^y y 3-f}m^:lj\^<^\iy h 

hu^o i^^mmmx\ y2, yi, y oxm^-^n^ 
simz^i^x^u-(zi~- \^mmz<i:^mmn^it^mL 
x^<o y 3\z'D\^^xhmmmxmmmmt\^x^<. 
[0 0 3 9] ^{ffflT^ti, mmmm^fz^tmm^^i^^ti 

cog^SSJ^^c^MM'^r, y2, yl, y 0 (D^t>. 
Ll^2 If htr-::>V>Tm^^]^M=0Xti 7 (hfij^-r 

1 H^y hti#:¥*J^fii=0-'7 <h^j^-r^c 
[0 0 4 0] ^;rc, ilM^^^fcti[^^^iS^nfc2 >- 

^m=o. mmit^^ax\tiyaa)h^y 3<DW:m^m 
[0 0 4 1] i^, ^mmmmjz^^^x. mK}^v9:m^ 



(5) 1 0- 1 3 6 0 4 6 

-r^^mmmiz-Di^^xmrn-r^a i^, ccx-ti, ^^i^:^ 
iC:(hLTi 6QAu^m/)m^^^n. mmmfjmi otc 

[0 0 4 2] i^ftilTti. 1 0 tc^-Tct -9 tc. Wsblz 

r'-^^m^rzfz^^i^n^itL (21), ;^(::-r>^ 
-u-T'^fT^ (2 2) o ccD-f ^^-u-^^ti. ^-r 

tf .y h¥&TfT-3fc^ (2 2 1) , v>xJ^>iI/¥f4'r;^ci::b 
t>4\^y [-mi^LXno (2 2 2)oSt*(C, 16 QAM 

{cv^7t:'>yb, ^pbT, mmm^Lir^ (23) 0 
70 [ 0 0 4 3 ] ^ 1 1 \^±nmnitiB^myj^\z^i^ir^^m 

z^f"^y\:f>^\B\m3i\^. ^mm^^xtitL. mm 

^mm3 2{t. mmRify^^y\o^m^3 icom;^^ 
xij^L. micDmmmm(Dmm^:^^\zj^^^m^^ 

[0 0 4 4] T^-r >37-U-y^[Hl?&3 3ti, l*;¥ij^tHlgS 
3 2CDm:'j^A:^(hL, i^y^^Jl^^-O^-'J ~-:fmm 
3 3 1 T'v'>7}^;UW5c^T^'<>^-U— :/^ff t'^;^ 
20 h7='-r >:57-U->^[Hl2&3 3 2X\fy hWiCD^^O^ 
-U->^^ff3<. FECm^lHl?&3 4ti. y^-fy^-V 

-:/mm3 3<r>a^tf^xtihi.. \f^\zmn^3 4 i\z 
[0 0 4 5] ±iE^sKtc^i^T, i^:iTiz^(Dmm\^^\z 
^iHi2s 3 1 T'^i. ^mm^^mmRny''^y\i'>^'r^ 

[0 0 4 6] >:$'-U->^[El¥S3 3T'ti, v'>4^;i/ 
T^V>:$'-U->^IeI?§3 3 1 ©C^J^fii 3 ^7 h 

xlf ^4 tf^y h^, -r;^ci:t:»'^ l 2 \f^y h^itXy^^ >^ 

3 2tC.fcO, |>:fij^{ii3 t'^y hXlf^l tf t^S: 

[0 0 4 7] FEC«'^lHlgS3 4T'tl. t:^yhT-V>5' 

40 }:^yvmtLxxti\^.m:kwm^\f:^^:^m^^n^^. - 
n 1 3 J: ^ T f# 6 n m ^ ^ - ^ ^ m T ^ o 

[0 0 4 8] ±fB^sKtCJ:'5§mSSfCJ:ntf, l^fij^ 
m^3 2 \z^\.^xm 1 c7)^Jg?^^co|*:^J^:^^tCcJ:^l>: 

nw^'^^^^fi^x^^. 

[0 0 4 9] ±Mmmmmx\t.. %\zmM'^^n'D 
xf}-^^y'-(>^'-'^)-^^noxo\zvx\^^^f)^. mi 
1 (Dm^\'^m^3 2 iT''^>^-u-:/ie]?S3 3^ An 
50 m^x. %\z^^ >^-^)—^^nr:>xi)^<bm^\'^^rf 
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[0 0 5 0] im7<Dmmmm) mi 2^#Mb, m? 
CO 0 5 1] (11 2\'i±$mm\i^m^^\z:h\^^^sm 

y^-^j-'/^n-Dxthtf-r^. mim^\^^4 3{t. ^ 

^\B\m4 scDB^ij^xtitL. ^w^T'T^^>5'- 
u-:/<&^ToTm;^-r^o FECm^lHlgS4 5H. }dy 

m^^4 5 iiz^D^m^^^^mn^ni^-^. ^<j^m.n 20 

[0 0 5 3] ±fS^^(r*3V^T, ^A'r\z^<D^m\Hm\z 
:k\z. i^>^-}V^-(>^-'')-':fM^4 2X\^. IQS 

[0 0 5 4] :k\Z. mmm\B\m4 3X{t. IQ-7^-iS7<i: 30 
^-'J-:/^ff^o FECm^lHlg&4 ST'ti, fcf^;/h-r 
[0 0 5 5] ±IB1ifiKtCJ:'5^m^gtCJ:oTfe, 

^\^^4 3 tc^i^xm 1 <Dmmmmo)^m^:^^\z^^ 
[0 0 5 6] ^tz. mi i(D^mmmx\t>^>'^^)\^-(> 

3^-U->^^ 1 2 tf-y N^(iT?T^Tl^fc7&^ m I 2 <D 
^m&mX\tiy>^)i^-C>^-'J'':/l 0\^y hm<LX 

mmT^z^f)^x^^o 

[0 0 5 7] m(Dmmmm) t^. ±mm e Rzsm i <n 
%mmmx\t.. -^pisic^i 6QAM<hu, mi<rymm 
Mm\zx^m\'^:f5^^m^^^^(DLi.rzf)^. ^m^^ 50 
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10 

f3^% 4QAuu^\tm2<Dmmwm<Dm^m-)j^. sp 
sKu^\tm3<DMmmm<Dm^\'^'j5^. i6apsk 
r^^\tw,4(Dmm^m<DWcn'&':^^^ i6dapskaj: 
^\tw, 5 <Dmm'mm\z^^m^\'^')j^^mm^^ ^ l 
x\ mm(Di^mm3k^m^z.tf)^xt^. 
[0 0 5 8] ^m. m\z^i,fxi^f^\.^^^mm. 
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